Background: Hospitalized children are at risk of medication errors (MEs) due to complex dosage calculations and preparations. Incident reporting systems may facilitate prevention of MEs but underreporting potentially undermines this system. We aimed to examine whether scenarios involving medications should be reported to a national mandatory incident reporting system and the likelihood of self-and peer-reporting these scenarios among paediatric nurses and physicians. Methods: Participants' reporting of MEs was explored through a questionnaire involving 20 medication scenarios. The scenarios represented different steps in the medication process, types of error, patient outcomes and medications. Reporting rates and odds ratios with 95% confidence interval [OR, (95% CI)] were calculated. Barriers to and enablers of reporting were identified through content analysis of participants' comments. Results: The response rate was 42% (291/689). Overall, 61% of participants reported that scenarios should be reported. The likelihood of reporting was 60% for self-reporting and 37% for peer-reporting. Nurses versus physicians, and healthcare professionals with versus without patient safety responsibilities assessed to a larger extent that the scenarios should be reported [OR = 1.34 (1.05-1.70) and OR = 1.41 (1.12-1.78), respectively]; were more likely to self-report, [OR = 2.81 (1.71-4.62) and OR = 2.93 (1.47-5.84), respectively]; and were more likely to peer-report [OR = 1.89 (1.36-2.63) and OR = 3.61 (2.57-5.06), respectively]. Healthcare professionals with versus without management responsibilities were more likely to peer-report ]. Participants reported that scenarios resulting in actual injury or incidents considered to have a learning potential should be reported.
Introduction
Medication errors (MEs), resulting from incorrect medication prescribing, dispensing or administration, are associated with increased mortality and cost in hospitalized children. [1] [2] [3] [4] Children are potentially at greater risk of experiencing medications errors than adults due to multiple factors, such as complex dosage calculations and manipulations of medications in order to administer a correct dose. 5, 6 Incident reporting is one of the most widespread strategies to facilitate learning and prevention of MEs. [7] [8] [9] However, underreporting may undermine the value of the incident reporting system. [10] [11] [12] [13] [14] Barriers to reporting among healthcare professionals involve beliefs that the reporting system is ineffective in bringing about change, fear of being blamed/disciplinary actions, not knowing what to report, reporting being too time consuming and lack of feedback. 10, 11, [15] [16] [17] [18] Among the barriers to peer-reporting are that peer-reporting is perceived as tattling, reporting is believed to be outside one's responsibility, and that reporting should only include one's own profession. 11 The type of profession may affect the likelihood of incident reporting, where physicians are less likely to report near misses or less-serious errors than nurses. [18] [19] [20] [21] [22] Harmful MEs are likely to be reported by both nurses and physicians. 11, 21 Further, nurses engage more readily in selfreporting than physicians. 11 Self-reported likelihood of incident reporting involving medications in hospitalized children among nurses and physicians has been studied to a limited extent. 23, 24 Paediatric nurses have shown to be more likely than physicians to report MEs to a local voluntary reporting system. 23 Examining the assessed likelihood of reporting and the factors influencing reporting behaviour among nurses and physicians may help identify areas for improving ME reporting.
The aim of this study was to examine whether scenarios involving medications should be reported to a national mandatory incident reporting system and the likelihood of reporting these scenarios among paediatric nurses and physicians.
Methods
In this survey study, nurses and physicians from neonatal and paediatric hospital wards in one of the five regions in Denmark assessed 20 scenarios involving medications in relation to whether the scenarios should be reported and the likelihood of self-and peer-reporting these.
Setting
Denmark was the first country to introduce a national mandatory reporting system, the Danish Patient Safety Database (DPSD), by law. 14 In 2016, more than 189,000 reports were submitted to the DPSD from public hospitals and other healthcare settings. 25 Healthcare professionals are obliged to report all patient safety-related incidents including MEs to the DPSD. 14, 26 Reporting involves both incidents in which the reporter was involved (self-reporting) or witnessed (peerreporting). Incidents which should be reported are events occurring in connection with healthcare activities that are not caused by the patient's disease. These events can either have caused harm, or could potentially have caused harm but were intercepted or did not occur because of other circumstances. 26 Adverse drug reactions (ADRs) that are not a result of MEs are reported elsewhere. 26 Further, the system permits incident reporting from patients and relatives.
Reporting of incidents to the DPSD is based on a system perspective. The principle is that to err is human and that incidents are mainly caused by system failures rather than human failures. Learning from preventable incidents and nearmisses is the main purpose of the reporting system. Incident reporting is nonpunitive and reports can be submitted anonymously. Reporting and analysis of incidents should be systematic and take place locally.
Participants
All trained nurses and physicians working on hospital neonatal and paediatric wards located in the region of Southern Denmark were invited to participate. Four hospitals were invited, including a university hospital (>1000 beds) and three secondary hospitals (<700 beds) with a total of 22 units specializing in general paediatric care (6), paediatric emergency (3), neonatal and neonatal intensive care (6) , paediatric ambulatory care (4), paediatric intensive care (1), paediatric surgery (1) and paediatric haematology and oncology (1) .
Questionnaire
The questionnaire involved assessment of 20 scenarios. The scenarios consisted of MEs previously reported to the DPSD, incidents observed by members of the research group and hypothetical scenarios (Table 1 ; a full version of the scenarios is presented in online supplement 1). Further, the stages of the medication process involving the hospital pharmacy service, prescribing, dispensing and administration were represented in the scenarios.
According to official criteria of incidents to report to the DPSD, 18 of the scenarios were mandatory 14) were not included in the DPSD criteria. In scenario 9, a girl received treatment in the paediatric emergency ward for a potential ADR of an HPV vaccine. In scenario 14, a parent refused medication treatment of his child due to the foul taste of oral penicillin, without any consequences for the child.
The questionnaire consisted of three parts. First, participants were asked about their previous experience with incident reporting (three items). Secondly, they were asked to assess the 20 scenarios from three questions: (a) do you believe that the scenario should be reported; (b) how likely is it that you will report the scenario if you were involved in the incident; and (3) how likely is it that you will report the scenario if you were not personally involved in the incident? Likelihood of self-and peer-reporting was evaluated using a 5-point Likert scale (1 = very likely to report, 5 = very unlikely to report). A text field was added to each scenario where participants could add a comment on their responses if they wanted to. The last part of the questionnaire involved demographic characteristics of the participants (10 items). To help facilitate anonymity, participants were not asked about their sex. The DPSD definition of an incident was deliberately left out of the questionnaire to encourage participants to provide answers based on their own views.
The questionnaire was pilot tested by five paediatric physicians and five nurses not included in the study sample. An email including study information and a link to the questionnaire was sent to participants by a local coordinator at each site. A 2-and 4-week follow-up reminder was subsequently sent. Data collection took place between January and March 2016.
Analysis
Responses from the questionnaire were analysed using descriptive statistics. A total of 131 missing responses involving 15 participants and related to the questions concerning the scenarios were corrected. Corrections were made based on comments in the text fields or patterns of reply, for example, a participant who responded 'no' to question 1 and consistently left questions 2 and 3 unanswered was considered very unlikely to selfand peer-report. No additional corrections were made to missing data.
Reporting rates indicating the percentages of respondents who felt that scenarios should be reported and how likely they believed they were to self-and peer-report scenarios were calculated for the total number of participants and for nurses and physicians, respectively. Also, inverse reporting rates are presented in this study. Reporting rates were calculated separately for the 20 scenarios and for the 18 scenarios included in the DPSD criteria involving incidents to report.
A logistic regression model involving the 20 scenarios was analysed for each of the three questions. The analysis was carried out through dichotomization of responses to question 1 ('yes' and 'no/do not know') and questions 2-3 ('very likely/likely' and 'very unlikely/unlikely/do not know').
An odds ratio (OR) involving profession (nurses versus physicians) was estimated for each of the three questions. The predictor model for question 1 involved all participants. Participants responding 'no/don't know' to question 1 were excluded from the predictor model of question 2 and question 3 as their responses were assumed to be 'very unlikely/unlikely/don't know'. Factors included profession, age of participant, years since graduation, years in workplace (ward), working hours per week, management responsibilities and patient safety responsibilities. A subanalysis was carried out on the 18 scenarios included in the DPSD criteria. The overall performance of the three models was evaluated using Hosmer-Lemeshow χ 2 (calibration: overall goodness-of-fit) and C statistics (discriminative power).
Content analysis was performed on the comments from the questionnaire text fields. Comments were read and thematically analysed according to whether the comment addressed reasons to report or not to report the scenario, reasons for missing responses or for responding 'do not know' involving lack of information, lack of reporting experience or being in doubt about whether to report or not, or which assumptions the participants made to answer the questions. 
Results
The response rate was 42% (291 out of 689 invited). In all, 31% (n = 216) of nurses and 44% (n = 75) of physicians completed the questionnaire ( Table 2 ). The majority of participating nurses and physicians (>80%) had previously reported an incident to the national mandatory reporting system, DPSD. Participants who were inexperienced with reporting (n = 36) were generally younger, had completed their education more recently and had been working fewer years in their current workplace compared with participants who had reporting experience. More than half of the participants (66%) had not submitted a report during the last 6 months.
Likelihood of reporting the scenarios
The overall reporting rates for whether participants felt that scenarios should be reported and the likelihood of self-and peer-reporting for all 20 scenarios were 61%, 55% and 34%, respectively (Table 3 , Supplement 1). Higher overall reporting rates were found for the 18 scenarios included in the DPSD criteria with a reporting rate of 66% for whether scenarios should be reported, and 60% and 37% for likelihood of self-reporting and peer-reporting, respectively. Accordingly, the OR (95% CI), odds ratio (95% confidence interval). *Scenarios included in the DPSD criteria on incidents to report. **Scenarios not included in the DPSD criteria on incidents to report.
Bold material is considered significant findings (95 % confidence interval).
percentage likelihood of underreporting was 40% for self-reporting and 63% for peer-reporting these scenarios.
The overall reporting rates for whether scenarios should be reported and likelihood of self-and peer-reporting were higher for nurses than physicians. In total, 63% of nurses considered the 20 scenarios should be reported compared with 55% of physicians. Higher numbers were seen with regard the 18 scenarios for nurses (68%) compared with physicians (61%).
In 17 out of 20 scenarios, more nurses considered that the scenarios should be reported compared with physicians. In only one scenario (scenario 10), in which an overdose of salbutamol was deliberately prescribed and administered to a child, a larger number of physicians considered that the scenario should be reported compared with nurses (6.5% versus 4.6%).
The likelihood of self-and peer-reporting among and between nurses and physicians was lower compared with whether scenarios should be reported. For nurses, the likelihood of self-and peer-reporting the 20 scenarios was found to be 58% and 36%, respectively. Subsequently, physicians' likelihood of self-and peer-reporting was found to be 48% and 30%.
Nurses were more likely to self-report (nurses: 63% and physicians: 53%) and peer-report (nurses: 39% and physicians: 33%) the 18 scenarios included in the DPSD criteria than physicians. Physicians were more likely to self-and peer-report two scenarios involving omission of drug interaction check during prescribing (scenario 7) and scenario 10 compared with nurses.
The likelihood of self-reporting the 20 scenarios varied widely among and between nurses (1-99%) and physicians (0-96%). Similarly, the likelihood of peer-reporting the scenarios varied among and between the professions (nurses: 1-80% and physicians: 0-67%).
In 6 out of 20 scenarios, the majority of participants felt that the scenarios should be reported (overall reporting rate > 90%) and reported to be more likely to self-report (⩾90%) and peer-report (>50%). Scenarios involved actual injury (scenarios 2 and 3), interventions to examine potential injury (scenarios 19 and 20) , an overdose of intravenous medications (scenarios 2, 3, 16, 19 and 20) and omitted patient identification during administration of intravenous dicloxacillin (scenario 15). All nurses and physicians agreed that scenarios where a patient is harmed by an overdose of a medication given intravenously (scenarios 2 and 3) should be reported. However, a lower likelihood of self-reporting and peer-reporting was observed for the two scenarios.
In 3 of the 20 scenarios, a relatively low number of participants felt that the scenarios should be reported and reported as unlikely to self-and peer-report these (>10%). The three scenarios involved a near-miss incident where an oral tablet is prevented from being administered to a child who has undergone throat surgery (scenario 11), an incident where a child is deliberately prescribed and administered an overdose of salbutamol (scenario 10) and an incident where a parent declines treatment due to foul taste of an oral medication (scenario 14).
Scenarios 9 and 14 were not included in the DPSD, however, some nurses felt that both scenarios should be reported (scenario 9: 19% and scenario 14: 8%) and were likely to self-report (scenario 9: 15% and scenario 14: 6%) and peerreport (scenario 9: 7% and scenario 14: 1%) these. On the contrary, none of the physicians felt that scenario 14 should be reported. A lower reporting rate for whether scenario 9 should be reported and the likelihood of self-and peerreporting this scenario was found for physicians compared with nurses.
In each of the 20 scenarios, approximately 10% of participants indicated that they did not know whether the scenario should be reported or their likelihood of self-or peer-reporting. In 33 of the 60 questions, participants without reporting experience had a higher 'do not know' response rate.
Factors associated with reporting of the scenarios
The predictive model identified several factors associated with assessing whether scenarios should be reported and the likelihood of self-and peer-reporting ( Performance assessment of all three logistic regression models indicated a good calibration (p value < 0.05). The discriminatory power of the model involving the question 'should the scenario be reported?' was poor [area under the receiver operating characteristics curve (ROC-AUC) 0.55, 0.50-0.59]. Models involving the questions 'how likely are you to self-report?' and 'how likely are you to peer-report?' showed moderate discriminatory power (ROC-AUC > 0.60, 0.60-0.69).
Barriers to, and enablers of, self-and peerreporting
In total, 46% of participants made comments on the scenarios. From these comments, identified barriers to self-reporting involved attitudes that reporting is too time-consuming, the reporting form is too complicated, reporting adds to workload, that there is no actual injury, the incident has no learning potential, not knowing what to report, reporting is not part of the culture, and whether the act of the healthcare professional was intended (scenarios 4, 10 and 14). In some scenarios, participants commented that harmless scenarios were unlikely to be reported, even if the scenario was considered to have a learning potential. Reasons for this were not included in the comments. Participants did not peer-report because of attitudes that the person involved is responsible for reporting, reporting is not part of one's job and that the quality of a report would improve if the incident was reported by the person involved. Instead of peer-reporting, participants preferred to encourage colleagues to self-report.
Enablers of reporting included the belief that lessons can be learned, that there is actual injury and repeat incidents. Subjectivity seemed to influence assessment of the learning potential, as some participants would not report a dosing error caused by a defect handheld calculator (scenario 12) because they believed that nothing could be learned. However, others were likely to report the scenario as training or implementing a computerized calculator could possibly prevent the incident from reoccurring:
"The calculator should be replaced and the staff should be made aware that something like this may occur. This is why the computer calculator should be preferred." (Comment from a nurse.)
Further, participants commented that the incident should be reported to facilitate change when inappropriate working procedures, not involving actual injury, were repeatedly observed and to facilitate examinations of current working procedures, for example examining why delays in medication treatment occurred (scenario 1), to potentially improve these.
Discussion
The overall likelihood of self-and peer-reporting scenarios involving MEs in children to a national mandatory reporting system was found to be to be 60% and 37%, respectively. Large variations in the likelihood of reporting were observed among and between nurses and physicians. Nurses and healthcare professionals with either patient safety responsibilities or management responsibilities were the most likely to self-and peer-report scenarios. Barriers to reporting involved scenarios being too trivial (no injury and no learning potential), lack of knowledge on what to report, existing reporting culture, and difficulty and workload of reporting. Enablers primarily focused on actual injury and subjective assessment of the learning potential.
Factors affecting incident reporting
Several factors affect reporting. Lack of knowledge on what to report may both prevent reporting of relevant incidents and lead to unnecessary reporting of irrelevant incidents. In our study, approximately 1 out of 10 of participants responded that they did not know if the scenarios should be reported. Further, nurses and physicians were likely to report scenarios to DPSD which should not be reported (scenarios 9 and 14). Facilitators such as bridging the communication gap and educating on what and why to report have previously been mentioned by nurses, physicians and pharmacists involved in focus group interviews. 29 Recent recommendations to optimise the Danish national reporting system involve refining the definition on which incidents to report and reporting of incidents involving harm or learning potential. 14 Changes may lead to greater motivation of the reporter to improving patient safety through reporting and show confidence in healthcare professionals. 30 However, feedback is essential to motivate reporting. 14 Nurses were more likely to report scenarios regardless of patient outcome compared with physicians. This finding is supported by results reported in other studies. [18] [19] [20] [21] 23 Nurses are likely to report to protect themselves and reporting is more of a habit for them than for physicians. 30 Further, nurses more often perceive reporting as part of their professional job. 11, 26 Similar to this, our results suggested that being appointed patient safety responsibilities will probably increase both self-and peer-reporting.
Like others, we identified that nurses and physicians reported that scenarios involving actual injury should be reported. 11, 21, 28 However, the likelihood to report these was lower in our study. Comments did not specify any reasons for this, but several barriers potentially influence this finding. As already mentioned, lack of a clear definition may have caused underreporting. Also, comments from participants saying that reporting was too complicated and time consuming may affect reporting regardless of the patient outcome. Others have previously described these barriers. 28, 30 Danish recommendations suggest simplifying the existing reporting system, as the system is generally considered user hostile. 14 Simplifying the reporting procedure will reduce the time spent on reporting and potentially increase reporting. An increase in incident reporting was observed in an intensive care unit by focusing on patient safety and making reporting easier. 31 Simplifying the reporting procedure is also shown to increase reporting among physicians. 32 The existing reporting culture also acted as a barrier to reporting, as comments from participants revealed that reporting was not part of normal practice. Also, fear of blame may be part of the reporting culture. 10, 11 However, this barrier was not identified in our study. Others have previously addressed the importance of creating an environment that facilitates reporting. 10, 11, 28, 33 Further, the existing reporting culture may have discouraged peer-reporting since we identified a relatively low likelihood of peer-reporting compared with self-reporting. Like us, Hewitt and colleagues found that the general attitude among practitioners is that peers are not responsible for reporting. 11 In our study, participants preferred to encourage colleagues to self-report rather than engage in peerreporting. Nurses and physicians are likely to value their relationship with their colleagues and peerreporting may be looked upon as tattletaling. 30 However, physicians are potentially more likely to consider peer-reporting disloyal to their colleagues than nurses, which our results may reflect. 30 Still, managers should encourage healthcare professionals to peer-report if they become aware of incidents not being reported that would facilitate learning.
Barriers to reporting involving lack of feedback were not identified through the comments in our study, but have previously been reported by others. 11, [15] [16] [17] [18] Feedback provided to the reporter is a fundamental part of reporting. 14, 29 The Danish reporting system DPSD has previously been associated with the demotivating effect of not providing feedback, nor taking actions towards improving patient safety. 14, 29 Reporting has to bring about change in order to continue the facilitation of reporting. Participants may experience this barrier, but might have omitted to comment on this, as we did not encourage participants to comment on specific barriers and enablers. Barriers identified in this study have all previously been described in the literature. This emphasizes that relevant incidents are not reported and barriers to reporting still exist.
Implications to improve incident reporting involving medications
Our data support the recommendations to reduce the reporter burden by refining the criteria on what to report and simplifying reporting. Resources must be allocated to secure training about what and why to report, but also to allow efficient feedback to the reporter and facilitate change to improve patient safety. 14, 28 Future studies should examine effective forms of feedback that have been studied to a limited extent. 34 One of the challenges of reporting to a national database seems to be the lack of ownership among healthcare professionals at the local level, and the expectations of learning and initiatives to change are disseminated from the national level. In Denmark, the mandatory reporting system is managed and supported by The Danish Patient Safety Authority who identifies risk areas from patterns in reports and monitors the system. 25 Limited resources at the national level and vast numbers of reports challenge the systematic analysis of reports. 14 Recommendations highlight the need for reports to be used locally, as staff has the best prerequisites of implementing change. 14 However, lack of authority among personnel at the sharp end may affect local implementation of system changes. Actors at the national and regional level, including hospital management, must support learning when incidents are unsolved at the local level. 14 Hence, effective communication between local, regional and national levels must be established.
Strengths and limitations
One of the strengths of this study was the relatively large sample of participants compared with similar studies. 23, 24 Participants were recruited from university and regional hospital settings. Further, different types of scenarios involving different patient outcomes were included in the questionnaire. This gave a more detailed picture of the variability in the assessment. In addition, the analytical performance of our multivariate analysis was generally satisfactory.
Our study also has some limitations. First, assessing the likelihood of reporting does not necessarily translate into actual reporting behaviour and is possibly influenced by social desirability bias. Semistructured interviews would allow us to gain a deeper understanding of the participants' beliefs and attitudes towards incident reporting and how to overcome barriers to reporting. Secondly, a suboptimal number of participants responded to the questionnaire, which influences generalizability of the findings. Reporting rates identified in this study may be even lower in reality, since respondents are more likely to have a strong engagement in incident reporting than nonrespondents. Random sampling of participants from all neonatal and paediatric wards in Denmark would have potentially increased representativeness. Participants were enrolled from one of the five Danish regions, and differences in assessing the scenarios identified in this study were likely to be explained by local factors instead of regional factors, such as local reporting culture and the attitudes of the personnel working in Denmark. Further studies are needed to explore potential differences among the wards or hospitals, as we did not include the paediatric and neonatal wards in the logistic regression models. Lastly, ME reporting systems differ between nations, limiting the external validity of studies from a single country.
Conclusion
The likelihood of underreporting MEs was high. Considerable variability in assessing whether to report scenarios and the likelihood of self-and peer-reporting scenarios involving medication in hospitalized children was identified among and between nurses and physicians. Facilitators influencing the assessment of whether the scenarios should be reported and the likelihood to self-report included being a nurse, having patient safety or management responsibilities, incidents involving patient injury or subjectively assessing the incidents to have learning potential. Factors such as years in a workplace and working hours per week did not influence the assessment of whether the scenarios should be reported or the likelihood of self-or peer-reporting. Barriers continue to challenge incident reporting, where relevant incidents are underreported, but the potential for improvement is high. We suggest that developing a clear definition on what to report, simplifying the reporting procedure, and creating a reporting culture, with education and empowerment of healthcare professionals on what and why to report may result in higher and more correct ME reporting rates. Actions must be taken at local and national levels to optimize ME reporting.
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